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BUFFER OFFSET MODULATION

RELATED APPLICATIONS

This application is a continuation of and claims priority to
U.S. Non-Provisional patent application Ser. No. 14/014,712,
filed on Aug. 30, 2013, which claims priority to U.S. Non-
Provisional Pat. No. 8,547,259, filed on Jul. 31, 2012. U.S.
application Ser. No. 14/014,712 and U.S. Pat. No. 8,547,259
are incorporated herein by reference.

BACKGROUND

Generally, a sigma-delta analog digital converter (ADC)
runs at a high frequency and is associated with one or more
reference buffers or buffers. For example, a reference voltage
provided by a reference buffer is generally required for the
sigma-delta ADC. Generally, a reference buffer comprises a
buffer offset or offset, which is generally undesirable. In an
example, the buffer offset impacts an ADC curve such that the
ADC curve is different from a theoretical ADC curve. Imple-
menting an increased buffer size or a switched capacitor for
storing the buffer offset mitigates at least some of the buffer
offset. However, an increased buffer size generally increases
circuit area. In some examples, it is undesirable to increase
circuit area according to design rules. Additionally, the
switched capacitor requires a high driving input signal, addi-
tional power, large capacitors to store the buffer offset, and is
thus difficult to implement.

SUMMARY

This summary is provided to introduce a selection of con-
cepts in a simplified form that are further described below in
the detailed description. This summary is not intended to be
an extensive overview of the claimed subject matter, identify
key factors or essential features of the claimed subject matter,
nor is it intended to be used to limit the scope of the claimed
subject matter.

Among other things, one or more techniques, circuits, or
systems for buffer offset modulation or buffer offset cancel-
ling are provided herein. In an embodiment, buffer offset
modulation is enabled by calculating an output for a sigma-
delta analog digital converter (ADC) based at least in part on
an output of a first chop-able butfer (FB) and an output of a
second chop-able buffer (SB). In an embodiment, the output
of'the FB is associated with a first offset, the output of the SB
is associated with a second offset, and the output of the ADC
comprises an ADC offset associated with the first offset and
the second offset. In an embodiment, the ADC offset is modu-
lated based at least in part on an offset rotation and the offset
rotation is based at least in part on a reference clock and the
output of the ADC. For example, a chop-able buffer com-
prises an operational amplifier comprising an input, a feed-
back loop, and a rotation control configured to rotate a polar-
ity of an offset associated with the chop-able bufter based at
least in part on an offset rotation. In an embodiment, the ADC
is associated with a reference voltage comprising one or more
buffer offsets or offsets and is configured to rotate a polarity
of'the reference voltage based at least in part the output of the
ADC. Accordingly, the ADC rotates the polarity of buffer
offsets in a manner different than the polarity rotation of the
chop-able buffers. In an embodiment, the offset rotation
enables the ADC to output a modulated offset by controlling
the polarity rotation of the FB, the SB, and the ADC.

The following description and annexed drawings set forth
certain illustrative aspects and implementations. These are
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indicative of but a few of various ways in which one or more
aspects are employed. Other aspects, advantages, or novel
features of the disclosure will become apparent from the
following detailed description when considered in conjunc-
tion with the annexed drawings.

DESCRIPTION OF THE DRAWINGS

Aspects of the disclosure are understood from the follow-
ing detailed description when read with the accompanying
drawings. It will be appreciated that elements or structures of
the drawings are not necessarily be drawn to scale. Accord-
ingly, the dimensions of the various features may be arbi-
trarily increased or reduced for clarity of discussion.

FIG. 1 is schematic diagram of an example circuit for
buffer offset modulation, according to an embodiment.

FIG. 2 is schematic diagram of an example circuit for
buffer offset modulation, according to an embodiment.

FIG. 3 is a flow diagram of an example method for buffer
offset modulation, according to an embodiment.

FIG. 4A is schematic diagram of an example chop-able
reference buffer, according to an embodiment.

FIG. 4B is a truth table associated with an example chop-
able reference buffer, according to an embodiment.

FIG. 5A is schematic diagram of an example sigma-delta
analog digital converter (ADC), according to an embodiment.

FIG. 5B is a truth table associated with an example sigma-
delta analog digital converter (ADC), according to an
embodiment.

FIG. 6 is a truth table associated with an example of buffer
offset modulation, according to an embodiment.

FIG. 7 is a truth table associated with an example of buffer
offset modulation, according to an embodiment.

FIG. 8 is a flow diagram of an example method for buffer
offset modulation, according to an embodiment.

DETAILED DESCRIPTION

The claimed subject matter is now described with reference
to the drawings, wherein like reference numerals are gener-
ally used to refer to like elements throughout. In the following
description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough understand-
ing of the claimed subject matter. It is evident, however, that
the claimed subject matter may be practiced without these
specific details. In other instances, structures and devices are
illustrated in block diagram form in order to facilitate describ-
ing the claimed subject matter.

Generally, a reference buffer, chop-able buffer, or a buffer
comprises an undesirable buffer offset or offset. In an
embodiment, as provided herein, the undesirable offset is
mitigated by modulating a polarity of the offset and filtering
the offset from an output signal comprising the offset.
According to an example, if the output is “D” and the offset is
“Vos”, a desired modulation comprises “D+Vos”, “D-Vos”,
“D+Vos”, “D-Vos”, D+Vos”, “D-Vos”, etc. That is, the offset
“Vos” is modulated such that the polarity of the offset
switches back and forth from positive “+” to negative
rather quickly. The offset is mitigated or effectively removed
by using a digital low-pass filter which filters out high fre-
quency signals. For example, the offset is modulated at a
frequency around 100 kHz to 10 MHz and the digital low-
pass filter allows signals at frequency of 1 kHz to 100 kHz to
pass through the digital low-pass filter, such that the high
frequency offset is not allowed to pass through the low-pass
filter. In an embodiment, buffer offset modulation comprises
calculating an output for a sigma-delta analog digital con-
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verter (ADC) based at least in part on an output of a first
chop-able buffer (FB) and an output of a second chop-able
buffer (SB), the output of the FB associated with a first offset,
the output of the SB associated with a second offset, the
output of the ADC comprising an ADC offset associated with
the first offset and the second offset. Additionally, the buffer
offset modulation comprises modulating the ADC offset
based at least in part on an offset rotation, the offset rotation
based at least in part on a reference clock and the output of the
ADC.

In an embodiment, a sigma-delta analog digital converter
(ADC) runs at a high frequency and comprises a first input, a
second input, an output comprising an ADC offset, an inte-
grator, a quantizer, a comparator, and a resolution of “M” bits,
and is connected to an input voltage (Vin), for example. In an
embodiment, the sigma-delta ADC over-samples at a high
frequency by comparison to a low frequency of a traditional
analog digital converter. The ADC is configured to modulate
the ADC offset based at least in part on an output of a first
chop-able buffer (FB) and an output of a second chop-able
buffer (SB). Additionally, the ADC comprises a closed loop,
such as a feedback loop from a quantizer or an output (“D”") of
the ADC. According to an embodiment, the ADC is config-
ured to rotate a polarity of a reference voltage associated with
the output of the FB and the output of the SB based at least in
part the output (“D”) of the ADC. It will be appreciated that
the output of the FB and the output of the SB are associated
with a first offset and a second offset respectively. Therefore,
the ADC rotates a polarity of the first offset voltage and the
second offset voltage by rotating the polarity of the reference
voltage. It will be appreciated that in other embodiments, the
feedback loop comprises additional components, such as
chop-able buffers, chopper control modules, or filters, for
example.

In an embodiment, the first chop-able buffer (FB) and the
second chopable buffer (SB) comprise respective chop-able
buffers. For example, a chopable buffer comprises an opera-
tional amplifier comprising an input, a rotation control, a
feedback signal or an output connected to a second input, and
an offset associated with the output. In an embodiment, the
rotation control is configured to rotate a polarity of the offset
based at least in part an offset rotation by swapping the input
signal and the feedback signal connected to inputs of the
operational amplifier. For example, the offset rotation com-
prises an offset rotation signal derived from a chopper control
module.

In an embodiment, the chopper control module comprises
a control circuit comprising a first input, a second input, and
an output. For example, the first input of the chopper control
module is connected to a reference clock and the second input
of the chopper control module is connected to the output
(“D”) of the ADC. Accordingly, the output of the chopper
control module is configured to generate an offset rotation
based at least in part on the reference clock and the output
(“D”) of the ADC. In an embodiment, the offset rotation is
connected to or controls the rotation control of the first chop-
able buffer and the rotation control of the second chop-able
buffer. In an example, the reference clock is a predetermined
clock sequence comprising a high frequency clock signal. In
an embodiment, the reference clock enables modulation of an
ADC offset at a corresponding high frequency.

In an embodiment, the modulated ADC offset is filtered by
a low-pass filter, such as a low-pass digital filter associated
with a frequency for allowing a range of low frequency sig-
nals through. In an embodiment, the high frequency clock
signal of the reference clock comprises a frequency higher
than the frequency associated with or allowed to pass through
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the low-pass filter. In this way, buffer offset modulation or
buffer offset cancelling is provided.

FIG. 1 is schematic diagram of an example circuit 100 for
buffer offset modulation, according to an embodiment. For
example, buffer offset modulation circuit 100 comprises a
first chop-able buffer (FB) 110, a second chop-able buffer
(SB) 120, a sigma-delta analog digital converter (ADC) 130,
and a chopper control module 140. In an embodiment, FB 110
is an operational amplifier comprising an input 108, a rotation
control 144, and an output 112. Similarly, SB 120 is an
operational amplifier comprising an input 118, a rotation
control 146, and an output 122. It will be appreciated that in
some embodiments the FB 110 and the SB 120 comprise
feedback loops, to be described in more detail herein. Accord-
ingly, the FB 110 is configured to generate the output 112
based at least in part on the input 108 and the rotation control
144. Additionally, SB 120 is configured to generate the output
122 based at least in part on the input 118 and the rotation
control 146. In an embodiment, the output 112 of the FB 110
comprises a first offset (not shown) and the output 122 of the
SB 120 comprises a second offset (not shown). In an embodi-
ment, FB 110 or SB 120 are configured to respectively rotate
a polarity of the first offset or the second offset based at least
in part on an output of the chopper control module 140, such
as offset rotate 142. Thus, it will be appreciated that the FB
110 and the SB 120 are configured to rotate an offset polarity
for respective buffers.

In an example, the ADC 130 comprises a first input con-
nected to the output 112 of the FB 110, a second input con-
nected to the output 122 of the SB 120, and an output “D” 132.
For example, output “D” 132 is generated based at least in
part on the output 112 of the FB and the output 122 of the SB.
In an embodiment, the output “D” 132 comprises an ADC
offset (not shown) which is a function of the first offset
associated with the output 112 of the FB and the second offset
associated with the output 122 of the SB. According to an
example, the ADC 130 determines a reference voltage by
subtracting the output 122 of the SB 120 from the output 112
ofthe FB 110. However, in other embodiments, the reference
voltage is calculated by subtracting the output 112 of the FB
110 from the output 122 of the SB 120. The reference voltage
generally corresponds to what the ADC would output if the
output 112 of the FB 110 did not comprise the first offset and
if the output 122 of the SB 120 did not comprise the second
offset. However, because the output 112 comprises the first
offset and because the output 122 comprises the second oft-
set, the output of the ADC comprises the ADC offset, in
addition to the reference voltage. In an effort to mitigate the
ADC offset, the ADC 130 is configured to rotate a polarity of
the first offset and a polarity of the second offset. Therefore,
a polarity of the ADC offset is rotated, at least because the
ADC offset comprises the first offset and the second offset.
Additionally, the ADC 130 is configured to rotate respective
offset polarities based on a feedback loop. In this way, the
ADC offset is filtered out, for example. It will be appreciated,
however, that the rotation of the polarity of the first offset and
the rotation of the polarity of the second offset using the offset
rotate 142 is different than the rotation of the polarity of the
first offset and the rotation of the polarity of the second offset
performed by the ADC 130. That is, the respective polarities
of the first offset and the second offset are rotated in a first
manner using the offset rotate 142 and are rotated in a second
manner using by the ADC 130.

In an embodiment, the chopper control module 140 com-
prises a first input connected to the output “D” 132 of the
ADC and a second input connected to a reference clock 150.
In an embodiment, the chopper control module 140 is con-



US 9,325,296 B2

5

figured to generate an offset rotate 142, such as an offset
rotation signal. In an embodiment, the offset rotate 142
enables the ADC 130 to output a modulated ADC offset by
compensating for the first manner of offset rotation of the FB
110 and the SB 120 and the second manner of offset rotation
associated with the ADC 130. For example, the offset rotate
142 is an offset rotation signal configured to control offset
polarities associated with the FB 110 and the SB 120 via
rotation control 144 and rotation control 146, respectively. In
an embodiment, an ADC offset is modulated at least because
the offset rotate 142 from chopper control module 140 con-
trols offset modulation of the FB 110 and the SB 120. Addi-
tionally, a reference voltage polarity of the ADC 130 is also
controlled by offset rotate 142 at least because the output “D”
132 of the ADC forms a feedback loop through the chopper
control module 140, the FB 110, and the SB 120. For
example, since the reference voltage polarity rotation is based
at least in part on the output “D” 132 of the ADC, the chopper
control module 140 is configured to control the offset polarity
rotation of the ADC by basing the output of the chopper
control module 140 on the output “D” 132 of the ADC.
Moreover, the output of the chopper control module 140 is
connected to the ADC via the FB and the SB, thus enabling
chopper control module 140 to compensate for the first man-
ner of offset rotation associated with the FB and the SB and
the second manner of offset rotation associated with the ADC.

In an example embodiment, the chopper control module
140 is configured to predetermine an output “D” 132 of the
ADC and synchronize offset polarity rotation between the FB
110, the SB 120, and the ADC 130.

In an embodiment, reference clock 150 is associated with a
modulation frequency of the ADC offset. For example, if a
frequency of reference clock 150 is raised, the modulation
frequency of the ADC offset is raised in a corresponding
manner. That is, for example, a modulation frequency of the
ADC offset is based at least in part on a frequency of the
reference clock 150 at least because the offset rotate 142 is
connected to and controls rotation control 144 and rotation
control 146 of the FB and SB, respectively.

FIG. 2 is schematic diagram of an example circuit 200 for
buffer offset modulation, according to an embodiment. In an
embodiment, buffer offset modulation circuit 200 comprises
a first chop-able buffer (FB) 110, a second chop-able buffer
(SB) 120, a sigma-delta analog digital converter (ADC) 130,
chopper control module 240, and a digital low-pass filter 260.
According to an aspect, FB 110 comprises an operational
amplifier comprising an output 112, a firstinput 108, a second
input 106 fed back from output 112, and a rotation control
144. According to another aspect, SB 120 comprises an
operational amplifier comprising an output 122, a first input
118, a second input 116 fed back from output 122, and a
rotation control 146. In an embodiment, feedback loops 106
and 116 are connected to the negative terminals of operational
amplifiers of FB 110 and SB 120, respectively. In this way
negative feedback loops 106 and 116 are formed. Accord-
ingly, output 112 is based at least in part on input 108, feed-
back loop 106, and rotation control 144. Additionally, output
122 is based at least in part on input 118, feedback loop 116,
and rotation control 146. In an embodiment, output 112 and
output 122 respectively comprise a first offset (not shown)
and a second offset (not shown). According to an aspect,
rotation control 144 and rotation control 146 rotate a polarity
of'the first offset and the second offset, respectively. Accord-
ing to another aspect, rotation control 144 and rotation control
146 are configured to respectively rotate a polarity of the FB
110 and SB 120 based at least in part on an output of the
chopper control module 240, such as offset rotate 142. For
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example, if the first input 108 of the FB 110 is Vrp and the first
offset is Vosl, rotation control 144 facilitates rotation of a
polarity of the first offset. In this example, if rotation control
144 is logic high, output 112 is Vrp+Vosl. Conversely, if
rotation control 144 is logic low, output 112 is Vrp—Vosl.
Similarly for the SB 120, if the first input 118 is Vrn and the
second offset is Vos2, rotation control 146 facilitates rotation
of a polarity of the second offset such that output 122 is
Vrn+Vos2 when rotation control 146 is logic high and such
that output 122 is Vrn-Vos2 when rotation control 146 is
logic low.

In an embodiment, output 112 and output 122 of the FB
110 and the SB 120 are connected to a first input and a second
input of the ADC 130, respectively. In an embodiment, ADC
130 is an over-sampling sigma-delta ADC and comprises an
integrator, a quantizer, and is connected to an input voltage
210. According to an aspect, ADC 130 generates an output
“D” 132 based at least in part on the outputs 112 and 122 of
the FB and SB, respectively. Moreover, output “D” 132 com-
prises a reference voltage, the first offset, and the second
offset. For example, the reference voltage is calculated by
subtracting the output 122 of the SB from the output 112 of
the FB. However, the ADC 130 is configured to rotate a
polarity of the reference voltage based at least in part on the
output “D” 132 of the ADC. Since the reference voltage is a
function of output 112 and output 122, and the respective
outputs comprise the first offset and second offset, respec-
tively, a polarity of the first and second offsets is rotated when
the polarity of the reference voltage is rotated. In an example,
if the output “D” 132 is logical low, the polarity of the refer-
ence voltage is reversed such that the reference voltage is
multiplied by negative one. In this example, if the output “D”
132 is logical high, the polarity of the reference voltage is
maintained such that the reference voltage is multiplied by
one.

In an embodiment, chopper control module 240 comprises
an XNOR gate comprising a first input 134 connected to
output “D” 132 of the ADC 130 and a second input connected
to a reference clock 150. In an embodiment, chopper control
module 240 decodes the first and second inputs to generate an
offset rotate 142 based at least in part on the output “D” 132
of the ADC and the reference clock 150. In an aspect, the
chopper control module 240 is configured to predetermine the
output “D” 132 of the ADC and synchronize rotation between
the chop-able buffers and the ADC 130.

It will be appreciated that the offset rotate 142 is connected
to rotation control 144 and rotation control 146, thus enabling
chopper control module 240 to control offset polarity rotation
associated with the FB 110 and the SB 120. Additionally, it
will be appreciated that chopper control module 240 also
controls polarity rotation associated with the ADC 130 via a
feedback loop from the output “D” 132 of'the ADC 130, to the
chopper control module 240, through at least one of the FB
110 or the SB 120, and back through the ADC 130. This
feedback loop enables control of the polarity rotation associ-
ated with the reference voltage of the ADC at least because
the reference voltage polarity rotation is based at least in part
on the output “D” 132 of the ADC, which is fed into the
chopper control module 240 at 134. Therefore, chopper con-
trol module 240 is configured to “synchronize” offset rotation
effects from chop-able buffers 110, 120, and the ADC 130 via
offset rotate 142. In an embodiment, offset rotate 142 enables
the ADC to generate the output “D” 132 such that the output
“D” 132 comprises a modulated ADC offset.

In an embodiment, digital low-pass filter 260 is connected
to the output “D” 132 of the ADC and filters the modulated
ADC offset from the output “D” 132 of the ADC to provide a
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desired output signal 262. According to an aspect, digital
low-pass filter 260 is associated with a first frequency range
such that signals within the first frequency range pass through
the digital low-pass filter 260 and signals that fall outside the
first frequency range do not pass through the digital low-pass
filter 260. In an embodiment, the reference clock 150 com-
prises a second frequency that falls outside of the first fre-
quency range. For example, the reference clock 150 is a high
frequency reference clock configured to provide a clock sig-
nal to modulate offsets such that the modulated offsets are
filtered by the digital low-pass filter 260. In an embodiment,
the high frequency reference clock 150 comprises a clock
frequency of 100 kHz to 10 MHz and the digital low-pass
filter 260 filters signals such as the modulated offsets when
the signals comprise a frequency above 1 kHz to 100 kHz, for
example. In this way, buffer offset modulation or buffer offset
cancelling is provided.

FIG. 3 is a flow diagram of an example method 300 for
buffer offset modulation, according to an embodiment. At
302, the method 300 starts, and at 304 an output for a sigma-
delta analog digital converter (ADC), such as the ADC 130 of
FIG. 1, for example, is calculated, based at least in part on an
output of a first chop-able buffer (FB) and an output of a
second chop-able buffer (SB), the output of the FB associated
with a first offset, the output of the SB associated with a
second offset, the output of the ADC comprising an ADC
offset associated with or a function of the first offset and the
second offset. In an embodiment, the output of the FB is fed
back to a negative input of the FB to form a first feedback
loop. Similarly, in an embodiment, the output of the SB is fed
back to a negative input of the SB to form a second feedback
loop.

At 306, the ADC offset is modulated, based at least in part
on an offset rotation, the offset rotation based at least in part
on areference clock and the output of the ADC. In an embodi-
ment, the modulated ADC offset is filtered from the output of
the ADC using a low-pass filter. In an embodiment, the offset
rotation is generated by an XNOR gate comprising a first
input connected to the reference clock and a second input
connected to the output of the ADC. In an embodiment, the
offset rotation is generated at the output of the XNOR gate.
For example, the offset rotation is connected to at least one of
a rotation control of the FB or a rotation control of the SB.

In an embodiment, a frequency of the ADC offset modu-
lation is based at least in part on a frequency of the reference
clock. Accordingly, the frequency of the reference clock is
based at least in part on a filter type associated with filtering
the modulated ADC offset. For example, if the filter type is a
low-pass filter, the reference clock comprises a high fre-
quency. That is, for example, a low-pass filter is associated
with a first frequency, such as a first frequency range for
allowing low frequency signals within the first frequency
range to pass through the low-pass filter. Therefore, the high
frequency of the reference clock is greater than frequencies
associated with the first frequency range. Conversely, if the
filter type is a high-pass filter, the reference clock comprises
a low frequency. For example, a high-pass filter is associated
with a second frequency, such as a frequency range for allow-
ing high frequency signals within the frequency range to pass
through the high-pass filter. Therefore, the low frequency of
the reference clock is less than frequencies associated with
the frequency range. In an example, if the filter type is a
band-pass filter associated with a third frequency range for
allowing signals within the third frequency range through the
band-pass filter, the reference clock comprises a non-band-
pass frequency or a frequency not within the third frequency
range.
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FIG. 4A is schematic diagram of an example chop-able
reference buffer 400, according to an embodiment. In an
example, chop-able reference buffer 400 corresponds to at
least one of the first chop-able buffer (FB) 110 or the second
chop-able buffer (SB) 120 of FIG. 2. In an embodiment,
chop-able reference bufter 400 is a chop-able buffer compris-
ing an operational amplifier 410. In an example, the opera-
tional amplifier 410 comprises a first input 402, a second
input 404, an output 408 fed back to the second input 404 to
form a feedback loop. Additionally, the output 408 is deter-
mined or calculated based on the first input 402 and an offset
406. In an embodiment, the output 408 is the first input
402—the offset 406. In another embodiment, the output 408 is
the first input 402+the offset 406. The chop-able buffer 400
controls or rotates a polarity of the offset 406 based at least in
parton rotation control 412 as is described further with regard
to FIG. 4B. FIG. 4B is a truth table associated with an
example chop-able reference buffer, according to an embodi-
ment. For example, when an input voltage “Vin” is applied at
the first input 402 and the offset voltage 406 for the chop-able
buffer is “Vos”, the output 408 is based on the rotation control
412. According to an example, if rotation control 412 is “0” or
logical low, the output 408 of the chop-able buffer is “Vin-
Vos”. On the other hand, if rotation control 412 is “1” or
logical high, the output 408 is “Vin+Vos”.

FIG. 5A is schematic diagram 500 of an example sigma-
delta analog digital converter (ADC) 130, according to an
embodiment. In an embodiment, the ADC 130 comprises a
first input 112, a second input 122, a reference voltage com-
ponent 510, a quantizer component 530, a polarity rotation
component 540, and an output “D” 132. In an embodiment,
the first input 112 corresponds to the output of the FB 110 of
FIG. 2 and the second input 122 corresponds to the output of
the SB 120 of FIG. 2. Further, the reference voltage compo-
nent 510 is configured to generate a reference voltage 520
based atleast in part on the first input 112 and the second input
122. For example, the reference voltage 520 is calculated by
subtracting the second input 122 from the firstinput 112. In an
example, the first input 112 is Vrp1, the second input 122 is
Vrl, and the reference voltage 520 is the first input 112
Vrpl-the second input 122 Vrnl. In an embodiment, there is
no voltage drop or voltage increase across the quantizer com-
ponent 530, such that reference voltage 520 effectively passes
through the quantizer component 530. Accordingly, the volt-
age input to the quantizer component 530 corresponds to the
reference voltage 520 and the voltage output from the quan-
tizer component 530 also corresponds to the same reference
voltage, such as reference voltage 522. In an embodiment, the
output of the quantizer component 530 is reference voltage
522, which is equal to reference voltage 520, which is the
input of quantizer component 530. In an embodiment, the
quantizer component 530 comprises a comparator that is
configured to compare the first input 112 and the second input
122 by analyzing a difference between the first input 112 and
the second input 122 based on reference voltage 520, for
example. In an embodiment, the polarity rotation component
540 is configured to facilitate rotation of a polarity of refer-
ence voltage 522 based at least in part on the output “D” 132
of'the ADC, which is applied via a feedback loop not depicted
in FIG. 5A, but is illustrated in FIG. 1 or FIG. 2, for example.
FIG. 5B is a truth table associated with an example sigma-
delta analog digital converter (ADC) 130, such as the ADC of
FIG. 5A, according to an embodiment. Additionally, the truth
table of FIG. 5B explains logic associated with the polarity
rotation component 540 and how a change in polarity 590 for
reference voltage 522 is determined. For example, in an
embodiment, the output of the FB 110 is Vrpl 112 and the
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output of the SB 120 is Vrnl 122, and the reference voltage
520 generated by the reference voltage component 510 is
Vrpl-Vml=(Vrpl-Vrl)=+(Vrp1-Vrnl), as illustrated at
column 586 of the truth table in FIG. 5B. However, polarity
rotation component 540 is configured to rotate a polarity of
the reference voltage 520 based on a feedback look compris-
ing the output “D” 132 of the ADC, such as the feedback loop
of FIG. 1 or FIG. 2. In an embodiment, polarity rotation
component 540 is configured to multiply the reference volt-
age 522 by “~1” based at least in part on the output “D” 132
being logical low or D=0, such as illustrated in row 570 and
column 584. In an embodiment, the polarity rotation compo-
nent 540 rotates or changes the polarity of the reference
voltage 522 to +(Vrp1-Vrnl)*-1=—(Vrp1-Vrnl) to provide
a reference voltage at the output D 132, as illustrated in row
570 and column 588. Therefore, when output “D” 132 is a
logical low or D=0 according to row 570, the polarity rotation
component 540 changes the polarity of reference voltage 522
by multiplying reference voltage 522 by negative one, result-
ing in a “Yes” change to the polarity at row 570 and column
590.

In another example, the output of the FB 110 is Vrpl 112
and the output of the SB 120 is Vrnl 122, and the reference
voltage 520 generated by the reference voltage component
510 is Vrpl-Vrnl=(Vrpl-Vml)=+(Vrpl-Vrnl), as illus-
trated at column 586 of the truth table in FIG. 5B. In an
embodiment, polarity rotation component 540 is configured
to rotate a polarity of the reference voltage 520 based on a
feedback loop comprising the output “D” 132 of the ADC,
such as the feedback loop of FIG. 1 or FIG. 2. In an embodi-
ment, polarity rotation component 540 is configured to mul-
tiply the reference voltage 522 by “+1” based at least in part
on the output “D” 132 being logical high or D=1, such as
illustrated in row 580 and column 584. In an embodiment, the
polarity rotation component 540 maintains the polarity of the
reference voltage 522 by multiplying reference voltage 522
by “+1”. For example, +(Vrpl-Vm1)*+1=+(Vrpl-Vrml).
Therefore, the reference voltage at the output “D” 132 is
+(Vrpl-Vml), as illustrated by row 580 and column 588.
Therefore, when output “D” 132 is a logical high or D=1
according to row 580, the polarity rotation component 540
does not change a polarity of a reference voltage at 132,
resulting in “No” change to the polarity at row 580 and
column 590.

FIG. 6 is a truth table 600 associated with an example of
buffer offset modulation, such as at output 132 of ADC 130 in
FIG. 2, for example, according to an embodiment. In an
embodiment, FIG. 6 is described with respect to at least some
components or reference numerals of FIG. 2. In an example
embodiment, Vrp is an input 108 for a first chop-able buffer
(FB) 110, Vrn is an input 118 for a second chop-able buffer
(SB) 120, Vosl is an offset associated with the output 112 of
the FB 110, Vos2 is an offset associated with the output 122 of
the SB 120, Vrp1 is the output 112 of the FB 110, and Vrnl1 is
the output 122 of the SB 120. It will be appreciated that Vrpl
112 and Vrnl 122 change based on offset rotate 142 at least
because the offset rotate 142, as listed in table 600, is con-
nected to rotation control 144 of FB 110 and rotation control
146 of SB 120.

For example, in rows 610 and 630, if offset rotate 142
(R)="0" or is logical low, the output 112 for the FB 110,
Vrpl=Vrp-Vosl.

Additionally, in rows 610 and 630, if offset rotate 142="0"
or is logical low, the output 122 for the SB 120, Vrn1=Vrn-
Vos2.
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In another example, in rows 620 and 640, if offset rotate
142=1" or is logical high, the output 112 for the FB 110,
Vrpl=Vrp+Vosl.

Similarly, in rows 620 and 640, if offset rotate 142=“1" or
is logical high, the output 122 for the SB 120, Vrnl=Vrn+
Vos2.

Accordingly, since the reference voltage 520 for the ADC
130 is Vrpl-Vrnl, the reference voltage 520=(Vrp-Vrn)-
(Vos1-Vos2) for rows 610 and 630 when offset rotate
142=<0" or is logical low. In an aspect, the reference voltage
520=(Vrp-Vrn)+(Vos1-Vos2) for rows 620 and 640 when
offset rotate 142="1" or is logical high.

In an embodiment, the ADC 130 rotates a polarity of the
reference voltage 522 based at least in part on an output “D”
132 ofthe ADC 130. In an embodiment, when output “D” 132
of'the ADC is logical low or D=0, the polarity of the reference
voltage 522 is rotated or multiplied by “-1".

Therefore, in an example, in row 610, when offset rotate
142=0" and the output “D” 132=“0", the output 132=(Vrn-
Vrp)+(Vos1-Vos2). Accordingly, a reference voltage at out-
put“D”132is (Vrn-Vrp)and an ADC offset at the output “D”
132 is +(Vos1-Vos2).

In an example, in row 620, when offset rotate 142="1" and
the output “D” 132="0", the output 132=(Vrm-Vrp)-(Vos1-
Vos2). Accordingly, a reference voltage at output “D” 132 is
(Vrn-Vrp) and an ADC offset at the output “D” 132 is
-(Vos1-Vos2).

In an example, in row 630, when offset rotate 142="0" and
the output “D” 132="1", the output 132=(Vrp-Vrn)-(Vos1-
Vos2). Accordingly, a reference voltage at output “D” 132 is
(Vrp=Vrn) and an ADC offset at the output “D” 132 is
-(Vos1-Vos2).

In an example, in row 640, when offset rotate 142="1" and
the output “D” 132="1", the output at 132=(Vrp-Vrm)+
(Vos1-Vos2). Accordingly, a reference voltage at output “D”
132 is (Vrp-Vrn) and an ADC offset at the output “D” 132 is
+(Vos1-Vos2).

Examining the offset portion of the aforementioned refer-
ence voltages 520 and 522 enables calculation of an embodi-
ment. For example, FIG. 7 is a truth table 700 associated with
an example of buffer offset modulation, according to an
embodiment associated with FIG. 2 and FIG. 6. If offset rotate
142 is “R” and an output 132 of the ADC 130 is “D”, and an
ADC offset at the ADC output “D” 132 is at least one of
+(Vos1-Vos2) or —(Vos1-Vos2), it will be appreciated that
truth table 700 is formed.

If R=0 and D=0, the ADC offset=+(Vos1-Vos2).

If R=1 and D=0, the ADC offset=—(Vos1-Vo0s2).

If R=0 and D=1, the ADC offset=—(Vos1-Vo0s2).

If R=1 and D=1, the ADC offset=+(Vos1-Vos2).

In an embodiment a reference clock 150 is associated with
the ADC offset at output “D” 132 such that “0” for the refer-
ence clock 150 is associated with —(Vos1-Vos2) and “1” is
associated with +(Vos1-Vos2). By rearranging the reference
clock 150 column and the ADC output 132 columns to be
inputs, a new truth table 750 is formed to determine offset
rotate 142 (R), for example. Table 750 is a truth table associ-
ated with an example of buffer offset modulation, according
to an embodiment. In an embodiment, chopper control mod-
ule 140 of FIG. 2 implements logic based at least in part on
table 750. In this embodiment, the chopper control module
140 is an XNOR gate based at least in part on the logic of table
750.

FIG. 8 is a flow diagram of an example method 800 for
buffer offset modulation, according to an embodiment. For
example, example method 800 is related to the schematic
diagram of FIG. 2. At 802 the method 800 begins, and at 804
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anoutput 112 of a first chop-able buffer (FB) 110 is connected
to a first input for a sigma-delta analog digital converter
(ADC) 130. In an embodiment, the output of the FB 112
comprises a first offset. At 806, an output 122 of a second
chop-able buffer (SB) 122 is connected to a second input for
the ADC 130. In an embodiment, the output of the SB 122
comprises a second offset. At 808, an offset rotation 142 is
generated for at least one of the FB 110 or the SB 120 based
at least in part on an output 132 of the ADC 130 and a
reference clock 150. At 810, a modulated ADC offset is
provided, based at least in part on the output 112 of the FB 110
and the output 122 of the SB 120. In an embodiment, the
modulated ADC offset is associated with the first offset and
the second offset and the output of the ADC comprises the
modulated ADC offset. At 812, the modulated ADC offset is
filtered from the output 132 of the ADC 130.

According to an aspect, a method for buffer offset modu-
lation is provided, comprising calculating an output for a
sigma-delta analog digital converter (ADC) based at least in
parton an output of a first chop-able buffer (FB) and an output
of a second chop-able buffer (SB), the output of the FB
associated with a first offset, the output of the SB associated
with a second offset, the output of the ADC comprising an
ADC offset associated with the first offset and the second
offset. The method also comprises modulating the ADC offset
based at least in part on an offset rotation, the offset rotation
based at least in part on a reference clock and the output of the
ADC.

According to an aspect, a circuit for buffer offset modula-
tion is provided, comprising a first chop-able buffer (FB)
comprising an input, a rotation control, and an output, the
output of the FB associated with a first offset, the output of the
FBbased atleast in part on the input of the FB and the rotation
control of the FB. The circuit comprises a second chop-able
buffer (SB) comprising an input, a rotation control, and an
output, the output of the SB associated with a second offset,
the output of the SB based at least in part on the input of the
SB and the rotation control of the SB. The circuit comprises
a sigma-delta analog digital converter (ADC) comprising a
first input, a second input, and an output comprising an ADC
offset associated with the first offset and the second offset, the
first input of the ADC connected to the output of the FB, the
second input of the ADC connected to the output of the SB.
The circuit comprises a chopper control module comprising a
first input, a second input, and an output, the first input of the
chopper control module connected to a reference clock, the
second input of the chopper control module connected to the
output of the ADC, the output of the chopper control module
configured to control the rotation control of the FB and the
rotation control of the SB, the ADC configured to modulate
the ADC offset based at least in part on the output of the FB
and the output of the SB.

According to an aspect, a method for buffer offset modu-
lation is provided, comprising sending an output of a first
chop-able buffer (FB) to a first input for a sigma-delta analog
digital converter (ADC), the output of the FB comprising a
first offset. The method comprises sending an output of a
second chop-able buffer (SB) to a second input for the ADC,
the output of the SB comprising a second offset. The method
comprises determining an offset rotation for at least one of the
FB orthe SB based at least in part on an output of the ADC and
a reference clock. The method comprises providing a modu-
lated ADC offset based at least in part on the output of the FB
and the output of the SB, the modulated ADC offset associ-
ated with the first offset and the second offset, the output of
the ADC comprising the modulated ADC offset, and filtering
the modulated ADC offset from the output of the ADC.
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Although the subject matter has been described in lan-
guage specific to structural features or methodological acts, it
is to be understood that the subject matter of the appended
claims is not necessarily limited to the specific features or acts
described above. Rather, the specific features and acts
described above are disclosed as example forms of imple-
menting the claims.

Various operations of embodiments are provided herein.
The order in which some or all of the operations are described
should not be construed as to imply that these operations are
necessarily order dependent. Alternative ordering will be
appreciated by one skilled in the art having the benefit of this
description. Further, it will be understood that not all opera-
tions are necessarily present in each embodiment provided
herein.

Moreover, “exemplary” is used herein to mean serving as
an example, instance, illustration, etc., and not necessarily as
advantageous. As used in this application, “or” is intended to
mean an inclusive “or” rather than an exclusive “or”. In addi-
tion, “a” and “an” as used in this application are generally be
construed to mean “one or more” unless specified otherwise
or clear from context to be directed to a singular form. Also,
atleast one of A and B and/or the like generally means A or B
or both A and B. Furthermore, to the extent that “includes”,
“having”, “has”, “with”, or variants thereof are used in either
the detailed description or the claims, such terms are intended
to be inclusive in a manner similar to the term “comprising”.

Also, although the disclosure has been shown and
described with respect to one or more implementations,
equivalent alterations and modifications will occur to others
skilled in the art based upon a reading and understanding of
this specification and the annexed drawings. The disclosure
includes all such modifications and alterations and is limited
only by the scope of the following claims.

What is claimed is:

1. A method for buffer offset modulation, comprising:

determining an offset rotation for at least one of a first

chop-able buffer (FB) or a second chop-able buffer (SB)
based at least in part on at least one of a first output of a
sigma-delta analog digital converter (ADC) or a refer-
ence clock; and

generating a second output of the ADC based at least in part

on the offset rotation, the second output comprising a
modulated ADC offset.

2. The method of claim 1, the determining an offset rotation
comprising:

determining the offset rotation based at least in part on the

first output of the ADC and the reference clock.

3. The method of claim 1, comprising:

sending an output of the FB to a first input of the ADC; and

sending an output of the SB to a second input for the ADC.

4. The method of claim 3, comprising:

calculating the first output of the ADC based at least in part

on the output of the FB and the output of the SB.

5. The method of claim 4, the output of the FB associated
with a first offset, the output of the SB associated with a
second offset, and the first output of the ADC based at least in
part on first offset and the second offset.

6. The method of claim 1, comprising filtering the modu-
lated ADC offset from the second output.

7. The method of claim 6, the filtering comprising filtering
the modulated ADC offset using a filter associated with a
different frequency than a frequency of the reference clock.

8. The method of claim 3, the output of the FB associated
with a first offset and the method comprising:

setting a polarity of the first offset based at least in part on

the offset rotation.
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9. The method of claim 8, the output of the SB associated
with a second offset, different than the first offset, and the
method comprising:

setting a polarity of the second offset based at least in part

on the offset rotation.

10. The method of claim 1, comprising:

determining a second offset rotation for at least one of the

FB or the SB based at least in part on the second output
of the ADC and the reference clock.

11. A circuit for buffer offset modulation, comprising:

an analog digital converter (ADC) configured to generate

an output based at least in part on a first output of a first
chop-able buffer (FB) and a second output of a second
chop-able buffer (SB); and

a chopper control module comprising a first input con-

nected to a reference clock and a second input connected
to the output of the ADC, the chopper control module
configured to determine an offset rotation for at least one
of a first rotation control of the FB or a second rotation
control of the SB based at least in part on the output of
the ADC and the reference clock.

12. The circuit of claim 11, the offset rotation applied to the
first rotation control and the second rotation control.

13. The circuit of claim 11, the first rotation control con-
figured to set a polarity of a first offset associated with the FB
based at least in part on the offset rotation.

14. The circuit of claim 13, the second rotation control
configured to set a polarity of a second offset associated with
the SB based at least in part on the offset rotation.
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15. The circuit of claim 14, the output of the ADC com-
prising an ADC offset, and the ADC configured to determine
a modulation frequency ADC offset based at least in part on
the first offset and the second offset.

16. The circuit of claim 11, the output of the ADC com-
prising an ADC offset and the circuit comprising:

a filter configured to filter the ADC offset from the output

of the ADC.

17. The circuit of claim 16, the filter comprising a filter
associated with a different frequency than a frequency of the
reference clock.

18. The circuit of claim 11, the chopper control module
comprising an XNOR gate.

19. The circuit of claim 11, the ADC comprising a refer-
ence voltage component configured to generate a reference
voltage based at least in part on an output of the FB and an
output of the SB.

20. A method for buffer offset modulation, comprising:

determining an offset rotation for setting a polarity of a first

offset associated with a first chop-able butfer (FB) and
for setting a polarity of a second offset associated with a
second chop-able buffer (SB) based at least in part on at
least one of a first output of a sigma-delta analog digital
converter (ADC) or a reference clock; and

generating a second output of the ADC based at least in part

on the offset rotation, the second output comprising a
modulated ADC offset, the modulated ADC offset deter-
mined based at least in part on the first offset and the
second offset.



